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Abstract 
 
In creative work such as design thinking projects, 
teams mostly seek to solve complex (wicked) problems 
as well as situations of uncertainty and value conflicts. 
To design solutions that cope with these aspects, teams 
usually start doing something, reflect on their results, 
and adjust their process. By actually doing something, 
tacit knowledge (i.e., knowing-in-action) of individuals 
is disclosed, which might be beneficial for an entire 
project team because it allows drawing on information 
and experiences that go beyond single individuals. 
Accordingly, the present study aims to investigate how 
tools can be designed that support collaborative 
reflection in creativity-driven projects. Drawing on 
reflection theory and several expert interviews, we 
derive design requirements as well as present a 
concrete software-based prototype as an expository 
instantiation. 
 
 
1. Introduction 
 
Rapid changing environments and increasing 
uncertainty in markets are just a few examples of 
essential challenges for businesses in these days. In 
order to face these challenges, the development of 
innovative solutions is becoming a critical factor for 
organizations [1], [2]. Hence, there is a booming 
interest from both researchers and practitioners alike to 
explore and plan future endeavors in terms of 
performing creative projects that aim to ensure 
sustainable success in a dynamic world [3]. In addition 
to the need for being creative, also the process of 
creative work itself is changing. Due to the 
globalization and decentralization of workforces, for 
instance, the way people generate ideas, share 
experiences about innovations, or evaluate and discuss 
a set of proposed solutions is fundamentally affected. 
By employing new information and communication 
technologies, the collaboration of team members that 
are dispersed around the world can be supported [4]. 
Doing this, various actors are enabled to participate in 
creativity-related activities such as develop new 
products, services, or even entire business models. 
One of the prevailing forms in research and practice 
that aims to support creativity within organizations is 
design thinking [5-7]. In general, design thinking can 
be used to design solutions for complex problems, so-
called wicked problems, that are hard to solve due to 
ill-defined, incomplete, conflicting, and changing 
requirements [8]. For applying design thinking, 
different mindsets including procedure models and 
methods have been proposed (e.g., [9]–[11]). However, 
regardless which creativity approach is used, finding 
solutions that address those complex problems is a 
challenging task because people cannot make sense of 
such problems in a complete manner and cannot 
consider all consequences that might occur by certain 
actions they plan to do. One way to cope with 
situations of uncertainty and value conflicts is to 
actually start doing something, think about what and 
how it happened, and adjust the doings. This intuitive 
process of reflection discloses tacit knowledge of a 
team to solve a problem (knowing-in-action) [12], [13]. 
Referring to design activities in particular, 
reflection is an essential activity. According to Schön 
[14], designers respond to demands and possibilities of 
designing something by continuous reflection and 
interaction with other individuals. In doing this, they 
make use of their own experiences (e.g., in the form of 
previous prototypes and solutions) and seek to adapt 
them to the current situation. As a result, conclusions 
to plan actions for future efforts are derived [15]. 
Moreover, conscious reflection on the problem framing 
and the emerging ensemble allows the research process 
to be adjusted based on lessons learned [16]. This 
especially applies to creative work as, for instance, 
complex problems need to be iteratively reframed to be 
more precisely, the process has to be adjusted after 
evaluations and feedback, and assumptions have to be 
verified. Accordingly, we argue that continuous and 
systematic reflection in and on such collaborative 
projects is fruitful and should be considered in future 
research on creative work. 
While reflection is primarily seen as an individual 
activity, some authors emphasize the strong social 
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dimension [17]. If people reflect together, entire teams 
can be inspired by experiences from others [18], learn 
from others, obtain feedback, and create ideas that go 
beyond knowledge of single individuals [15]. To 
release such benefits, knowledge and experiences need 
to be shared among a group [19]. Due to the fact that 
collaborative reflection is assumed as valuable for 
cooping complex problems and uncertain situations, 
this study aims to investigate how software support for 
design thinking can be designed to leverage reflection. 
Doing this, we enable users to learn from experiences 
and knowledge that already exists within a team. 
Therefore, we raise the following research question:  
RQ: How to design tools that support continuous 
reflection in design thinking projects? 
 
In order to answer this question, we conduct a 
design science study in which we iteratively build and 
evaluate a prototype for software-supported reflection 
in design thinking as well as seek to abstract 
knowledge about the class of such tools. We aim to 
contribute to the features that should be implemented 
to enable the entire progress of a creative project and 
the outcomes to be reflected. The solution can be 
translated into other solution spaces (e.g., IT-artefacts 
such as visual tools), and if implemented, help 
practitioners to collaboratively reflect their process and 
results. For academics, our findings may act as a 
foundation for advancing creativity research on 
software-supported reflection.  
To pursue this goal, we first outline the research 
background on design thinking and reflection theory 
(Section 2). Based on the research method [20], we 
identify design requirements from theory, related work, 
and expert interviews (Section 3). Afterward, we 
describe the derived requirements (Section 4), specify 
design features, and instantiate them through a 
software prototype (Section 5). For evaluation, we 
demonstrate the applicability of our prototype by 
employing it in a design thinking project and analyzed 
log files from the software to gain insights in terms of 
usage (Section 6). Finally, we discuss our findings and 
limitations and conclude (Section 7).  
 
2. Research background 
 
2.1. Design thinking 
 
Design thinking is employed in several disciplines 
such as product design [21], architecture [22], and 
management [6], [7]. It is a mindset that is human-
centered because of the importance of empathy and 
human needs represent one central aspect in design 
thinking [1]. People’s needs and desires are the sources 
of inspiration—they generate insights, which forms an 
indispensable basis for creating new ideas [23]. 
Procedure models. The design thinking process is 
iterative, and thus, designers explore a problem by 
generating and testing various solutions while 
constantly reflecting in-depth problem characteristics, 
insights, ideas, and solution concepts [24]. As work 
within (usually interdisciplinary) teams aims to solve 
complex problems, collaboration is highly important 
[24]. This is emphasized because ‘out-of-the-box’ 
ideas raise from combining own thoughts and 
experiences with others. These ideas are not a result of 
one genius, but from collaborative work [7]. In order to 
support the application of design thinking, different 
mindsets including procedure models and methods 
have been developed in research and practice. While, 
for example, HPI D-School differentiates between six 
phases, namely understand, observe, define point of 
view, generate ideas, develop prototypes, and test [11], 
the process from Stanford d.school contains five steps 
for empathize, define, ideate, prototype, and test [10]. 
However, as a minimal consensus, these procedures 
mostly emphasize iterative designs, user-centered 
solutions as well as shifting between divergent and 
convergent thinking [2]. Thus, goals and constraints 
are constantly being reframed and solutions can 
emerge over time [21], [24]. 
Virtual design thinking. As design thinking is 
usually carried out in an analog setting, an emerging 
stream of research deals with the adequate use of IT/IS. 
Lattemann et al. [4], for instance, explored the support 
of tools such as digital whiteboards and file-sharing 
systems, and Redlich et al. [25] compared analog 
settings with semi-virtual settings and pointed out that 
there are no negative effects of virtual projects. 
 
2.2. Reflection theory 
 
Reflection has been endorsed as a practical 
approach in different sectors such as education, 
cooperative work, problem-solving, design and 
engineering, and learning (e.g., [15], [26], [27]). 
Reflective thinking is especially important when a 
team has to deal with unsolved complex problems [18] 
or confused and uncertain situations [28], which both 
apply to the context of design thinking projects.  
Although reflection is mostly seen as a fuzzy 
concept [17], it generally contains activities for 
collecting experiences, re-assessing them in the faced 
situation, and deriving learnings for future actions [29]. 
According to Grushka et al. [30], hypotheses are 
formulated, a stand is taken, and a plan of actions is 
derived. Thus, reflection enables assumptions to be 
examined and assessed [31]. Referring to this study´s 
purpose, to perform design thinking, the activities from 
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reflection are especially useful, because based on the 
formulation of a certain problem, different ideas and 
prototypes are created (i.e., hypothesis of ways to solve 
a problem), and feedback is collected across the entire 
team to gain potential for refinement. Consequently, 
we consider reflection theory to understand how 
experiences and knowledge can be reflected to derive 
learnings for the future in design thinking projects.  
Types of reflection. Reflection is usually classified 
into two types [12], [32]: ‘reflection-in-action’ (i.e., 
assumptions and alternatives are evaluated during the 
action) and ‘reflection-on-action’ (i.e., retrospective 
analysis of actions and their effects). Schön stated that 
individuals often employ implicit knowledge in 
processes where they face situations of uncertainty, 
instability, and value conflict [13] [26].  
Collaborative reflection. In general, reflection 
theory has some overlaps with other theories such as 
sensemaking, as it seeks to understand the past in a 
collaborative manner. However, a unique characteristic 
of reflection is that it has a strong focus on deriving 
insights for the future [34], which is important to guide 
actions related to the development of new solutions. 
Reflection is a part of individual and cooperative work 
aiming at guiding decision-making [29]. As reflection 
within a team is beneficial, for instance, to share 
experiences from different team members, learn from 
others, provide feedback, and develop solutions that go 
beyond ideas of single team members (i.e., cross-
boundary) [15], [18], collaboration plays an essential 
role. Hence, design thinking teams need to enable 
different perspectives to be taken, knowledge and 
experiences to be disclosed, and communication to be 
made. In contrast, some shortcomings occur that 
especially deal with time (i.e., reflecting might take 
longer) and complexity (i.e., people need to be 
coordinated) [19], [31]. 
Software supported reflection. To overcome these 
shortcomings, software support can be applied which, 
for instance, facilitates actions such as sharing data, 
reflecting over a period of time, motivating activities, 
merging and linking experiences, obtaining feedback 
[19], [35], as well as remembering past situations, 
documenting outcomes [15].  
Even though software can elevate the reflection in 
teams, current solutions mostly deal with individual 
reflection or on general collaboration without concrete 
features for reflection [19]. To the best of our 
knowledge, only limited studies seek to investigate 
how software support should actually look like. For 
instance, Prilla [19] propose two main features, namely 
(1) communities to enable discussion among a group of 
users and (2) promptings to trigger the participation of 
collaborative reflection. As another example, Renner et 
al. [15] derive potentials and prototypes that facilitate 
reflection at work and Renner et al. [17] show how 
tools can be employed for reflective learning. 
Nonetheless, software support for reflection seems to 
be in an emerging stage and should be investigated in 
future studies that, for instance, draw on a theoretical-
grounding of such tools. Moreover, how to support 
reflection in creativity projects is virtually neglected, 
which also presumes more research that aims to 
identify which features should be provided to best 
possible support collaborative reflection.  
 
3. Research method 
 
The primary goal of this study is to derive design 
requirements for the class of software-based visual 
design thinking tools that enable continuous reflection 
of design outcomes and the progress. Following the 
method as proposed by Kuechler and Vaishnavi [20], 
we ran through three major design cycles of our 
software artifact that serves as an instantiation of the 
derived design requirements (see Figure 1). 
 
Deriving requirements 
from theory
Deriving requirements from 
related work/experts
Implementing requirements through 
a software prototype
Performing a qualitative evaluation and 
demonstrating the prototype (use case)
Problem 
awareness
Suggestion
Development
Evaluation
Performing a literature review, 
observing design thinking projects
Se
ve
ra
l d
es
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n
 c
yc
le
s
Software prototype and 
abstracted design-relevant knowledge
Conclusion
 
Figure 1. Design science research method 
 
3.1. Design cycle 1 (initial design) 
 
Our study started with an awareness of a major 
problem, namely, there is currently a lack of guidelines 
of how software can be used to support (collaborative) 
reflection during design thinking projects. This lack is 
problematic because, in creative work, individuals, as 
well as entire teams, need to continuously reflect on 
their actions and outcomes. For suggesting a solution, 
we conceptualize two main sources: First, we aim to 
theoretically ground our prototype by making use of 
the reflection theory, which tries to understand how 
people can learn from experiences and derive plans for 
the future. Second, we aim to gather experiences, 
challenges, and recommendations in terms of creative 
projects. Therefore, we selected three persons who 
already carried out at least one design thinking project 
in which they learned the design thinking method 
(from a professional coach) and worked on a concrete 
problem. Each of the three interviews contained five 
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parts: (1) reflection of the entire project, (2) 
communication during the project, (3) challenges 
during the project, (4) logging of activities, and (5) 
time and coordination issues during the project.  
Afterward, in the development phase, we draw on 
the findings from the conceptualization and started to 
implement our software prototype that translates the 
gathered requirements into a concrete IT-artefact. To 
evaluate the prototype already in an early stage [36], 
we carried out a formative evaluation [37]. Therefore, 
we conducted a workshop with a group of five master-
level Information Systems students who completed a 
design thinking project that deals with innovating 
marketing concepts of a small city. As we focused on 
evaluating the features in particular, we created a short 
guide comprising explanations of the key features (e.g., 
‘private messaging’—‘the tool allows sending private 
messages to team members’ and ‘the tool allows 
reading received messages directly in the user´s 
dashboard’). As a result of this, we learned that 
statistics regarding the usage, task prioritization, and 
email notifications should be provided.  
 
3.2. Design cycle 2 (refinement)  
 
Based on the lessons learned from design cycle 1, 
we revised the conceptualization and refined the 
software prototype. To evaluate the results, a workshop 
was performed in which the revised key features are 
discussed with another group of four master-level 
Information Systems students. These students also 
carried out a design thinking project in which they had 
to innovate a B2B online platform from an industry 
partner. Similar to the evaluation in the first cycle, our 
evaluation focuses on verifying the applicability and 
completeness of the refined features. Therefore, we 
revised our guide comprising the descriptions of the 
key features and asked the workshop participants 
whether they think that features are missing, need to be 
revised, or are especially useful. As a result, we could 
identify only limited potential for further refinement 
which deals, for example, with (a) archival storage 
(i.e., history of prior project results), (b) group-based 
reflection (i.e., discussion about certain phases), and 
(c) user forum (i.e., communication within a group 
through web-based forums). 
 
3.3. Design cycle 3 (current state) 
 
Finally, we again analyzed the lessons learned and 
consolidated the entire knowledge gathered during the 
prior cycles to suggest a revised conceptualization, 
which is applied to our web-based software prototype. 
For evaluation, we provided our prototype to two 
groups of master-level Information Systems students 
who had to accomplish a project which took about six 
months: The first group of six participants was 
concerned with creating an innovative event format for 
an industry partner offering car tires. The second group 
of five participants had to create an innovative 
approach that allows communicating information 
across several channels from a local organization that 
deals with the promotion of regional economic 
development. Thus, we demonstrate the applicability 
of our prototype with eleven participants [38]. 
 
4. Deriving design requirements  
 
In order to provide justifications for the design, 
theoretical work from the natural or social science 
should be employed to derive underlying requirements 
[39]. Therefore, our design builds on two streams, 
namely (1) the basic concepts from reflection theory as 
well as (2) expert interviews and related literature. We 
specify an expert as someone who has already finished 
at least one design thinking project within a natural 
environment like in collaboration with an industry 
partner. Next, we describe both sources in more detail. 
To offer a common basis to all participants 
involved in a reflection process, information and 
experiences need to be visible [18]. Generally, the act 
of designing consists of naming and framing (e.g., 
make visible what you see), moving (e.g., change the 
design), and evaluating (e.g., judge about moves) [27]. 
In problematic and complex situations, naming and 
framing objects of interest is an important task to make 
them manageable [12], [27]. Based on the formulation 
of information and the problem space, designers are 
able to find new solutions [14]. Here, software is 
assumed as worthwhile because it can store and show 
relevant information during the reflection process [15]  
‘Creative design’ presumes continuous developing 
and refining both the problem specification and the 
ideas for a solution [43]. Thus, also design thinking 
projects are iteratively (e.g., [10], [24], [44]), and each 
project group creates a unique design path [45]. To 
contribute to the comprehensibility of iterations and 
paths, all of the interviewed experts argued that a 
graphical visualization of the progress is essential 
because, for example, “at the beginning of each 
session, we collaboratively discussed the current state 
and the past path of our process based on a 
visualization of the applied procedure model.” This 
kind of graphical representation is important from an 
individual view (i.e., reflecting on what an individual 
has done so far including, for example, which methods 
have been used) as well as from a collective view (i.e., 
reflecting on what a group has done so far).  
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In addition to the visualization of the project path, 
software should enable the entire progress including 
aspects such as single meeting protocols, selected 
methods, and discussions to be reflected. Therefore, 
project statistics are needed to visualize how many 
methods have been used, how many tasks have been 
completed, and how many tasks still have to be done. 
In order to contribute to a consistent way of visualizing 
relevant information that arises during design thinking 
projects (single sessions and meetings), a standardized 
template for reflecting the entire project as well as for 
single meetings, etc. [45] has to be provided. This is 
evident by statements like “we actually did not know 
which information might be relevant for future steps”. 
Accordingly, a (standardized) visualization of project-
related information including the progress of an entire 
design thinking project, the sessions held, and the 
methods applied is required.  
Previous research has determined that asking a 
group of reflection participants questions facilitates the 
process of collaborative reflection [18]. Furthermore, it 
provides guidance on the actual process of reflection 
[17]. Referring to this study´s context, as a first step, to 
adequately guide the progress of a design thinking 
project, an underlying procedure model describing of 
the main phases to be carried out has to be selected. 
Especially to achieve a goal within a team, a 
collaborative process must be exactly specified (e.g., 
[4], [42]). Although there are many similarities in the 
proposed procedure models every model has its own 
specifics [10], [11], which need to be respected during 
the project, and thus, users should be able to select the 
most suitable for their purpose. During the interviews, 
experts argued that “the beginning of the project was 
very hard because we often had to look up details 
regarding the process itself”, and “(…) sometimes we 
didn’t really know what exactly to do next.” As 
manifold methods and techniques can be applied in 
design thinking [4], users are sometimes overwhelmed 
by the task of selecting one in a certain phase of the 
underlying procedure model. Therefore, the experts ask 
for standardized templates to log information in terms 
of methods and techniques in a more unified manner. 
In addition to providing descriptions of those methods 
and techniques, experts ask for recommendations of 
methods and techniques, which are suitable for a 
certain design thinking phase or activity. Accordingly, 
guidance through the abstract design thinking process 
as well as through specific phases and the application 
of methods and techniques is required.  
Another essential task is exploring consequences 
that might occur from a particular action. After 
identifying such consequences, they need to be 
assessed, for instance, what is bad or what is good. 
Schön [14, p. 6] argued that “in the absence of such 
qualitative judgments (…) designing would have no 
thrust or direction [and thus] would be entirely 
unmotivated”. In general, it is assumed that through the 
act of designing objects implicit knowledge can be 
elicited. This, for instance, is evident by the concept of 
knowing-in-action which says that designers often 
make innumerable judgments of quality during the 
design process [12]. Referring to this study´s purpose, 
evaluating, for example, different ideas, prototypes or 
assumptions is a crucial task that also has impacts on 
the entire project. Thus, stakeholder should be enabled 
to continuously evaluate certain design activities and 
outcomes. To do so, it might be helpful to take 
different perspectives on a situation [41]. As people 
have to deal with plenty of different domains and 
qualities during the design process, they cannot 
consider all domains at the same time (e.g., limited 
information processing capacity). To overcome this, 
they often start by taking one perspective on a situation 
or an object and explore further relevant perspectives 
in consecutive steps [14]. As another example, Prilla 
[19, p. 3] argues that reflection needs “communication 
among reflection partners to […] discuss perspectives, 
and agree on common solutions”. By taking 
perspectives, a designer might handle complex 
situations such as in creative projects more easily than 
by being confronted with the holistic problem at once.  
While design thinking is a collaborative task [3], 
[25], allowing interaction and communication among 
the group members are crucial. Therefore, features for 
the exchange of messages between single users as well 
as the discussion of topics with all users of a certain 
team are required. If implemented, those features 
enable feedback to be provided and evaluation to be 
made. Moreover, an expert stated that “knowing each 
other within a group is very important, which can be 
for example supported by user profiles, etc.” 
Consequently, tools should implement a user and role 
management including the assignment of roles. 
Accordingly, collaborative evaluation of the design 
thinking process and the design thinking outcomes by 
considering different perspectives on a situation and 
discussing their feedback is required.   
Exploring and imaging alternative solutions, as 
well as a range of appropriate concepts that can be 
compared to each other, is a crucial activity for critical 
reflection [31]. To create and compare such alternative 
concepts, designers usually make use of repertoires of 
prototypes and solutions from earlier experiences and 
situations [14]. Doing so, a designer selects one or more 
prototypes from his or her repertoire, compares it with 
the current situations and its restrictions, and adapts it 
to solve the problem at hand or to provide a new 
solution. For this, software can be used to extend the 
designer´s repertoire of concepts and prototypes [14]. 
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Accordingly, storage and usage of previous design 
thinking solutions and prototypes are required.  
Overall, an essential prerequisite for reflection is 
that people make experience explicit, share them, and 
discuss them to gain insights for future actions [19], 
which thus, should be considered across all features. In 
such situations, software support is assumed as 
valuable [14], because it enables remotely, cross-
boundary, and time-independent discussion, a shared 
storage of information [17], and awareness by sending 
updates to the reflection team [19]. 
 
5. Instantiating the design requirements 
 
5.1. Design features 
 
In the following, to reflect whether and how our 
software prototype addresses the design requirements 
obtained above, we describe design features that are 
implemented through our prototype. For presentation 
purpose, these features are ordered according to the 
four design requirements (see Table 1).  
A (standardized) visualization of project-related 
information including the progress of an entire design 
thinking project, the sessions held, and the methods 
applied: To provide novel facts (e.g., new tasks and 
messages) as well as to summarize the current progress 
of a project, a user dashboard is implemented. This 
dashboard comprises the graphical visualization of the 
progress (based on a selected underlying procedure 
model), a team calendar, an overview of current tasks 
and messages as well as project statists (DF1). In order 
to enable the entire project progress and prior path 
including decisions and phases passed through to be 
traced, we use a so-called ‘interactive knowledge-
map’. This map represents the selected procedure 
model and adds small flags on the representation to 
graphically present in which phases sessions were 
performed (i.e., highlighting sessions protocols to the 
procedure). It can be selected by individuals (i.e., 
reflecting and tracing the personal path) as well as by 
groups (i.e., reflecting the group-based path) (DF2). 
As information should be presented in a purposeful 
schema that helps participants to reflect on a specific 
situation or design thinking activity, we provide a 
session template that enables project-relevant 
information to be visualized (DF3). These templates 
contain relevant parts including general data such as 
participants, length, and location as well as task-related 
information (e.g., assignment of tasks and deadlines), 
and reflection (e.g., retro perspective summary and 
discussion of the important points). In addition to 
creating these protocols, a feature allows for automatic 
exporting the entire project information like into a 
PDF-file that reports an overview of the group, session 
protocols, and individual reflections.  
Guidance through the abstract design thinking 
process as well as through specific phases and the 
application of methods and techniques: As stated 
before, different underlying procedure models for 
design thinking can be applied [10-11], [49]. To come 
up with a procedure that already comprises activities 
for preparing and managing such projects, we created a 
model which is inspired by well-accepted models from 
HPI [11] and Brown [1] (see Figure 2, left). Our model 
consists of six phases (i.e., problem research, problem 
definition, idea generation, idea elaboration, prototype 
implementation, and prototype evaluation) among 
three spaces (i.e., problem space, solution space, and 
implementation space). Each of the three spaces 
differentiates between a convergent and a divergent 
phase. Additionally, two phases for preparation (i.e., 
promote creative, out-of-the-box thinking) and project 
management (i.e., support communication and 
collaboration within a team) are added that seek to 
Table 1. Matching of design requirements and design features 
Design requirements  Design features implementing the requirements 
A(standardized) visualization of project-
related information including the progress of 
an entire design thinking project, the 
sessions held, and the methods applied.  
 User dashboard (project facts, progress, calendar, etc.) (DF1) 
 Individual and group-based project path visualization (DF2) 
 Visualization of session protocols (what needs to be reflected?) (DF3) 
Guidance through the abstract design 
thinking process as well as through specific 
phases and the application of methods and 
techniques.  
 Visualization of design thinking procedure model (DF4) 
 Method recommendations based on current phase (DF5) 
 Method rating (i.e., reflection on the applicability) (DF6) 
 Assignment of tasks to users (DF7) 
Collaborative evaluation of the design 
thinking process and outcomes by 
considering different perspectives on a 
situation and discussing their feedback. 
 Project-based Wiki, discussion forum (team-based) (DF8) 
 Chat (team-based), private messaging, and email notification (DF9) 
 User profiles (including competencies and interests) (DF10) 
Storage and usage of previous design 
thinking solutions and prototypes. 
 Examples of results and prototypes (DF11) 
 Application cases of methods and techniques (DF11) 
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leverage continuous reflection in such projects (DF4). 
For guiding how and when to apply a certain 
method or technique, we implemented a ‘method 
database’. In this database, we (drawing on an 
extensive literature search) assigned methods to our 
underlying six-phase procedure model and verified the 
assignment by interviewing a professional design 
thinking coach. Thus, users of the prototype are able to 
select a method from a set of possible ones based on 
the current phase (DF5)—in further steps, this can be 
enhanced by using automated recommender systems 
for example. Furthermore, each method is described in 
more detail, examples from prior projects are 
integrated, and a rating schema is provided so that the 
users can evaluate whether a method was appropriate 
for a certain phase/activity or not (DF6).  
Because those activities need to be coordinated and 
future actions need to be specified (based on learnings 
derived from continuous reflection), we enable tasks to 
be created and to be assigned to specific users. These 
tasks can be added with information such as deadlines, 
descriptions, and current state of a task (DF7).  
Collaborative evaluation of the design thinking 
process and the design thinking outcomes by 
considering different perspectives on a situation and 
discussing their feedback: Team members need to 
interact with each other to share views and judgments 
on certain situations, outcomes, or the design process. 
To elevate this collective reflection, we implemented 
different features: First, for exchanging and storing 
information within an entire design thinking team, a 
project wiki and a discussion forum (DF8) is provided. 
Second, for exchanging messages between selected 
team members, we implemented a chat as well as 
features for private messaging which automatically 
send email notifications (DF9). 
Reflecting presumes taking different views to make 
complex problems more easy to handle. Hence, design 
thinking users need to select team members that have 
different backgrounds to allow perspectives to be 
considered. Our software prototype provides features 
for creating user profiles that help to specify own 
competencies, interests as well as experiences (e.g., 
work experiences). Thus, teams are enabled to form a 
proper team for solving a certain problem (DF10). 
Storage and usage of previous design thinking 
solutions and prototypes: Allowing users to draw on 
previous results and prototypes, we initially provide 
project examples and use cases of different methods 
and techniques that can be applied (DF11). However, 
this is a preliminary step that can be extended by, for 
example, adding results from other projects, reference 
models (i.e., best practice solutions for certain 
problems), or business model patterns that help to 
specify the main constructs of a specific business. 
5.2. Expository instantiation 
 
In order to promote easy, cross-boundary, and 
location-independent access and collaboration, our 
prototype is implemented as a web application, which 
is based on an open source project [46]. As illustrated 
in Figure 2, our prototype implements a user dashboard 
that visualizes the entire project path in an interactive 
map (i.e., pins visualize a certain activity or 
document). In doing this, it allows users reflecting on 
single outcomes as well as the design process. Via 
different tabs that are placed in the top of the software, 
details on aspects such as methods and techniques, 
sessions protocols, and project management including 
task sharing and coordination can be opened.  
 
6. Demonstration and evaluation 
 
Design science evaluation can be conducted ex-ante 
or ex-post the design as well as in an artificial or 
naturalistic setting [37]. For evaluating the software 
prototype already in the early stages, we carried out 
two ex-ante evaluations in which a group of design 
thinking participants assessed the features implemented 
(see Section 3). For ex-post evaluation, we performed 
three main activities: First, we demonstrate the 
prototype within a use case. Second, to obtain 
information regarding the use of the software, we 
analyze log files and data from the software. Third, we 
discussed the prototype with an industry partner 
interested in software-supported design thinking.  
First, we seek to demonstrate the applicability of 
the implemented prototype within a real-world 
situation [37], here with master-leveled students 
(mostly enrolled in Information Systems) as well as a 
trained design thinking coach. As our artifact is still in 
a prototype stage, the validation in an artificial setting 
is appropriate [38]. Following this, we conducted a 
design thinking project across six months in which the 
participants apply the prototype demonstrating that the 
artifact is useful for its intended purpose. Generally, 
we could observe that the software (and thus also the 
design features) supports continuous reflection on 
intermediate results and outcomes as well as the 
process. In particular, it has positive effects on 
communication and collaboration (e.g., parallelizing 
tasks within a project group and more focused 
discussions based on the progress visualization). 
Moreover, providing detailed descriptions of methods 
and techniques with concrete examples that illustrate 
how they can be employed, was helpful because users 
can make more informed decisions regarding what 
method they would like to use. In contrast to these 
positive effects, we could observe that some 
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participants often deal with handling the software in 
order to type in results, progress details, etc. (mostly in 
analog sessions in which the prototype was used). In 
doing this, he or she cannot contribute to the group.  
Second, besides demonstrating the applicability of 
the prototype, we investigated, based on automatic-
generated log files and data from the software, how 
often the features have been used: As one example out 
of three exemplary groups (each between from four to 
six participants), one group specified a total of 38 tasks 
across the six participants, used a total of 16 different 
creativity techniques, and created 16 sessions 
protocols. Overall, across the three groups, 51 sessions 
protocols were published, 59 techniques and methods 
were employed (24 divergent, 20 convergent, 9 project 
preparation, and 6 project management). As lessons 
learned for future research, although our prototype 
enables various ways to communicate and share 
information, the participants stated that most 
communication was carried out with message services 
on their smartphones. Accordingly, the integration of 
further applications (like those that are used by the 
participants anyway) in our prototype or how these can 
be used, requires extensive evaluation in future steps.  
Third, for further practical relevance, we held a 
workshop in which we discuss our prototype with two 
CEOs of an industry partner that focuses on generating 
ideas for innovative start-ups. In a nutshell, as a key 
finding, the CEOs stated that the features implemented 
are useful for practical applications, and thus, aim to 
implement this study´s design knowledge into concrete 
IT-solutions that they offer to customers. 
 
7. Conclusion 
 
The present study seeks to build a software artifact 
that allows users to collaboratively reflect on and in 
design thinking projects. Therefore, we draw on both 
theoretical and empirical grounding. We make three 
main contributions: First, we derive design 
requirements that provide knowledge for the class of 
creativity tools which can be instantiated by further 
artifacts. Second, we propose design features that 
indicate how the design requirements can be 
instantiated. Even though this study focused on 
software, reflection is important in any problem-
solving situation, and thus, can be transferred to analog 
tools as well, for instance, to support business model 
development sessions (e.g., by employing the Business 
Model Canvas, [47]). Third, we present a software 
prototype that can be employed to assist design 
thinking projects as well as represent a source of 
knowledge for (re-)designing software.  
This study is not free of limitations which opens 
plenty of future research avenues. First, the evaluations 
were mainly carried out in an educational setting. 
Although the entire project was attended by a 
professional coach and we discussed features with 
industry partners, further research should focus on the 
evaluation in a naturalistic setting (e.g., case study or 
expert panels). In this regard, additional experts should 
be taken into account to, for instance, validate or 
extend the current set of requirements—we initially 
specify an expert rather broad to draw on experiences 
from a larger group of participants. Second, it would 
seem worthwhile to perform an experiment that helps 
to understand and reveal which effects occur when 
applying a specific tool which seeks to aid reflection 
versus a general tool which is, for example, selected by 
the participants themselves. Third, the way in which a 
requirement is implemented is based on own decisions 
and choices. However, to face this, we have started to 
evaluate the prototype already in early stages, seek to 
contribute to the tractability of the implementation 
(e.g., by specifying design features), and conducted 
expert interviews. Fourth, to enable reflection in such 
tools, the participation of users is premised, and thus, 
users should provide comments and attend discussions 
to give feedback on certain elements. Hence, the 
system presumes users who are contributors. Fifth, 
recent studies have shown the importance of 
digitalization in creative industries [48] as well as the 
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importance of ICT-enabled design thinking for digital 
innovations like by exploring ‘innovation affordance’ 
[50]. Following this idea, our prototype can be used to 
further investigate how software-supported design 
thinking can be made more useful to the individual and 
context-specific project team’s demands.   
Overall, our findings provide first insights about 
how visual tools might promote reflection of creative 
projects, and thus, opens avenues for future research 
such as investigating in which settings software might 
be more beneficial than paper-&-pen versions or how 
to best possible involve each team member in the 
reflection processes without being hindered by 
operating a tool. In particular, we plan to integrate 
results (e.g., design knowledge) from other studies 
concerning software-supported reflection (e.g., [51]).  
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